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REVIEW OF THE LITERATURE
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ish is a favorite foodstuff for the majority of societies. Fish has a very
special consideration in human civilization from the time immemorial.
Growing of the awareness of the fish nutritional values brought it to the fore to
be one of the most important diets to be served on table. Furthermore, some
nutritional components of fish have functional effects on human health. Fish
are highly heterogeneous group with over 28,000 species. Fish are available
from all aquatic habitats including marine, freshwater and brakish water
environments. The composition of fish living in marine environment is
different in certain aspects from freshwater and brakish water environments.
Moisture, fat, protein and minerals are the main components of fish meat and
the analysis of the same is referred to as proximate composition (Love, 1970).
Principally composition of fish is 16-21% protein, 0.2-25% fat, 1.2-1.5%
mineral, 0-0.5% carbohydrate and 66-81% water (Love, 1970). Ingesting fish
thus can reduce the risk of heart diseases and lower the risk of developing
dementia, including Alzheimer’s diseases (Grant, 1997). Fish are quite
different from the other animal food sources, because they provide low energy
and have high-level proteins, which contain all essential amino acids. So they
are beneficial nutrition sources (Weatherley and Gill, 1998). Fats, on the other
hand, have a high calorific value and stored in muscles, liver, intestine and
gonads. In the breeding season, the fish draws up from muscles protein and
used and for the growth and development of the reproductive organs. The fish
protein is relatively of high digestible compared to other protein source. It
comprises of all the ten essential amino acids in desirable quantity for human
consumption. All these properties brings the fish flesh to be in the same class
F
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as chicken protein and are superior to milk, beef protein and egg albumen
(Srivastava, 1999). Fish meat contains significantly low lipids and higher water
than beef or chicken and is favored over other white or red meals (Nestel,
2000). Biochemical assays and nutrients play a vital role on physical growth
and development, maintenance of normal body function physical activity and
health. Biochemical studies of fish tissue are of considerable interest for their
specificity in relation to the food values of the fish and for the evaluation of
their physiological needs at different periods of life. It is also necessary to have
the data on the composition of fish in order to make the best use of it as food
and also to develop the technology of processing fish and fish products. It has
long been recognized that marked changes occur in many species of fish during
the normal sexual cycle, but in comparison with mere observation, actual
chemical studies have not been plentiful. Therefore, it is important to know
proximate biochemical composition of fish and variations throughout the year.
Fisheries contribute about 80% to the nation’s animal protein intake (DOF,
2003). Majority of the nutritionists recommend that human beings should eat
fish every day (Balk et al., 2004). An increasing amount of evidences suggest
that, fish meat and oil contains high amount of polyunsaturated fatty acid that
are valuable in decreasing the serum cholesterol to prevent a number of
coronary heart diseases (Turkmen et al., 2005). Fish received increased
attention as a potential source of animal protein and essential nutrients for
human diets (Fawole et al., 2007). Fish is also a vitamin and mineral rich food
for young as well as old age people (Edem, 2009). Regular consumption of fish
can promote the defense mechanism for protection against invasion of human
pathogens because fish food has antimicrobial peptide (Ravichandran et al.,
2010). Fish muscle does not have a uniform color. Some muscles are white
while others have a reddish or brown color. This dark color is usually observed
just under the skin. The proportion of dark to white muscle differs continually
from head to tail. The proportion also varies between species, increasing with
the swimming activity of the fish and sometimes approaching 48 percent of the
Chapter – 1 Introduction
3
body weight. There are often differences in the chemical composition of dark
and white muscles with respect to protein and lipid contents. The dark muscle
has greater concentrations of hemoglobin and myoglobin than the white
muscle. The presence of dark muscle is related to the activity of the fish. Those
fish that swim continuously throughout their lives usually have a larger
proportion of dark muscle than those that often rest on the sea bottom. It
appears that white muscle controls short spurts and darting movements, while
dark muscle is used for slow, continuous movement.
The valley of Kashmir is situated in the midst of the Himalayas roughly
between 33o, 00 and 35o, 00 north and 73o, 48' and 75o, 30' east, at the altitude
of over 1550 m above sea level. It is completely enclosed by a ring of
mountains and there is left only one gap, the gorge near Baramulla on the
north-west end. The valley has flatland lakes like Dal lake and Wular lake,
streams like Erin, Lidder, Madhumati; rivers like Sindh, Jhelum and springs
(Verinag, Kokarnag, Cheshma Shahi etc.). These aquatic habitats not only add
splendour to the unsurpassed beauty of the region, but also form an important
source of large number of fish species belonging to families Salmonidae,
Cyprinidae, Poecilidae, Sisoridae, Cobitidae and Baltoridae etc. The endemic
Schizothorax inhabiting cold streams and rivers is distributed in the inland
waters of Kashmir besides Afghanistan and Pakistan. Hill-stream fish species
constitute about 3.5% of the fish fauna available in India and all of them can be
easily put into the threatened category on account of the adverse effect of
increasing human activity (Rishi et al., 1998). The sub family Schizothoracinae
includes following species: Schizothorax niger commonly called Ale gad. It
inhabits lakes only and not running water. S. curvifrons commonly called Satter
gad, S. esocinus: commonly called Chirru gad, S. labiatus commonly called
Chhush and S. richardsoni/S. plagiostomus commonly called Khont gad.
Schizothorax is indigenous and endemic fish. The overall population of
Schizothorax is declining to a great extent due to pollution, encroachment,
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biomedical wastes, and introduction of exotic species, water fluctuations,
indiscriminate fishing, hydroelectric power generation and extraction of sand
and bajre from rivers. Carp constitutes 70% of all the fish caught in the lake
while the Schizothorax constitutes 20% and other species account for 10%.
Schizothoracines are highly valued fish, preferred to most other fish species.
Schizothorax is considered a highly esteemed fish in Kashmir due to which it
commands high price in the local market.
Although several studies deal with the proximate composition of
biochemical components of many commercially important fishes, but no such
work has been carried out on Schizothorax niger, Schizothorax esocinus
particularly from Dal lake waters of Kashmir valley. Therefore, the present
study was undertaken to elucidate both the seasonal and monthly variations in
the amount of total protein, carbohydrate and lipid content in muscle of
Schizothorax niger, Schizothorax esocinus, to determine their nutritional value
and variations during the fishing season which is very important in recent
years.
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Aims and Objectives
The objective of the study was:
 Determination of protein content of fish.
 Protein content of fish during pre-spawning and post-spawning.
 Determination of carbohydrate content of fish.
 Determination of lipid content of fish.
CHAPTER - 1
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ish plays a vital role in feeding the world’s population and contributing
significantly to the dietary protein intake of hundreds of millions of the
populace. The fishes contain many important nutrients that are vital for our day
to day life. It is one of the richest sources of cheap protein that even poor men
can afford. It is very important to know the properties or nutritive value of food
that we consume. Fish and fish products are known worldwide as a very
important diet because of their high nutritive quality and significance in
improving human health. Fish plays a major role in human nutrition.
Importance of fish as a source of high quality, balanced and easily digestible
protein is now well understood. Besides, it is also a well-known source of
several other nutrients and is being accepted as a healthy food.
The composition of the fish depends also on the season, habitat and the
type of food consumed by the fish. Moisture, fat, protein and minerals are the
main components of fish meat and the analysis of the same is referred to as
‘proximate composition’ (Love, 1970). Protein content of fish varies not only
in relation to species, but in relation to individuals of a same species (Mackie et
al., 1971). Shreni (1978) reported seasonal variations in the various
biochemical constituents of muscle and liver in catfish, Heteropneustes fossilis.
The factors such as feed composition, environment, fish-size and genetic traits
have an impact on composition and quality of the fish (Reinitz et al., 1979).
Seasonal changes of moisture, fat, protein, ash, and cholesterol in the ovary of
Hereropneustes fossilis were studied by Shreni, (1981). Bhagowati and Ratha,
(1982) made a preliminary investigation on some biochemical constituents like
F
Chapter – 2 Review of Literature
7
total protein, free amino acids, DNA, RNA and phosphates in different tissues
of Garra gotyla gotyla, G. annandalei and G. lissorhynchus from North-east
India. The fluctuations of water, fat, protein, and ash values with age of the
fishes may be due in part to migration and spawning (Waters, 1982). Seasonal
variation in phosphorous, water, fat, protein and glycogen of the hill-stream
fish Garra mullya was investigated by Somvanshi, (1983). Compositional
variations of food chemical components of sardine muscle in relation to season
were studied by Koretaro et al. (1984) and reported that overall compositional
change (ratio of the amount of protein, lipid, Fe) seemed to characterize each
shoal. Ahmed et al. (1984) investigated variation of biochemical composition
of seven species of gobi fish and reported that body composition of fish seem
to depend on age, sex, season and diet. Water, lipid and protein relationships in
different tissues of Labeo gonius was studied by (Jain and Singh, 1987).
Kumthekar, (1988) studied seasonal variation in composition of Cirrhina reba
in relation to maturity cycle. The variations are also found among the
individuals of the same species and are correlated with the age, sex and habitat.
Piska and Sarala (1989) studied variations in energy yielding components like
lipid, protein and glycogen in gonads of Amblypharyngodon mola in relation to
its spawning cycle. Biochemical composition is important as an aspect of
quality of raw material, and is often dependent on sex (De Metrio et al., 1989).
Nabi et al. (1989) studied seasonal variation in the chemical composition and
caloric content of Macrognathus aculeatus and found that the amount of
protein in a species of fish varies with feeding, habits, age and sex of the fish,
fat and water content of flesh. It is recommended by cardiologists to use
generous quantities of fish in food to obtain adequate protein without taking in
excessive fatty acids and lipids (Kinsella, 1991). The knowledge of proximate
compositions of fish is of paramount importance to evaluate it in regard to
nutrient value and physiological condition (Brown and Murphy, 1991). Elhama
et al. (1991) studied biochemical composition of the edible muscles of gilthead
bream Sparus aurata and reported that moisture and ash contents showed
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limited degree of variability, whereas lipids content showed the highest
particularly for females. Both protein and lipid percents increased with the
increase in fish size. Knowledge of biochemical composition of fish is of great
help in evaluating its nutritive value (Kingston and Venkataramani, 1994).
Moreover, biochemical composition is important as an aspect of quality of raw
material, sensory attributes and storage stability (Sikorski, 1994). Body
composition can give idea about age classes of the same species or can
compare nutritional differences between and among the species. These values
also give estimation of food composition of fish, its physiological condition
(Salam and Davies, 1994). The variations in proximate composition of fish are
closely related to the feed intake. During periods of heavy feeding, the protein
content of muscle tissue increases slightly at first and then the fat content might
show a marked and rapid increase. On the other hand, fish may have starvation
periods for natural or physiological reasons (spawning or migration) or because
of external factors such as shortage of food. In that case, fat content gradually
decreases and then a decline in protein may also be seen (Huss, 1995).
Karakoltsidis et al. (1995) detected seasonal variations in the proximate
biochemical composition of muscles of the bonito. Studies on seasonal
variations in nutrient composition of Sardinops sagax was conducted by
(Gamex-Meza et al., 1995). Biochemical composition of fishes studied by John
and Hameed, (1995) reported the increased protein content in muscle and
attributed it with gonad maturity. Salam, (1995) studied biochemical
composition of body muscles of Puntius gonionotus. Nutritional analysis of
some fresh water fish were determined by Wimalasena and Jayasuriya (1996)
from Narammala, Ibbagamuva and Nikaveratiya in Sri Lanka. The chemical
composition of fish can be expected to vary largely from one species to another
and within the same species. It has now been realized that these changes occur
due to various physiological factors like maturation, spawning and feeding
(Saito et al., 1997). During somatic growth, lipid, protein and ash are typically
accumulated while protein and lipid are depleted during gonadal growth
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(Jorgensen et al., 1997). Earlier reports indicate that changes in biochemical
composition may occur as a result of gonadal maturity (Montecchia et al.,
1997). Proximate composition of a number of marine, fresh water and brakish
water fish has been reported (Gopakumar, 1997). Sometimes body composition
can help in genetic selection of better traits. Data like this could be useful for
development of bio-energetic, feed requirement and waste output models for
these fish species (Cho and Bureau, 1998). Variations in proximate
composition of shad are reported by (Guner et al., 1998). Proteins are
important in food production both for their nutritional properties but also due to
their functional properties that influence quality and consumer acceptance of
food (Kristinsson and Rasco, 2000). Seasonal changes in the reproductive
condition and body composition of free-ranging red drum, Sciaenops ocellatus
was studied by Steven et al. (2000). The variations in biochemical parameters
in fishes were not only species specific and season specific but are also linked
to their habitat and nutritive values (Chamundeshwari et al., 2001).
Biochemical composition of flesh is a good indicator for the fish quality
(Hernandez et al., 2001). The composition of several fish species varies from
season to season due to its natural cycle, maturity stage, geographic location,
etc. (Bandarra, 2001). Ali et al. (2001) determined body composition of C.
punctatus from two different sites river and fish farm and reported 52%, 49%
protein and 31.44, 24.26% respectively lipid. Almost all fish show seasonal
variation in reproductive physiology (Hassanin et al., 2002). The biochemical
composition of sea organisms undergoes seasonal variations (Orban et al.,
2002).
Protein content of ﬁsh changed very little with season (Njinkoue et al.,
2002). Seasonal variation of wild and cultured gilthead sea bream (Sparus
aurata) reported by Kriton Grigorakis et al. (2002) found minimum of
deposition at the end of the spring and a maximum at the late summer. Salam,
(2002) studied seasonal changes in the biochemical composition of body
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muscles of a freshwater catfish, Heteropneustes fossilis. The nutritive value of
a fish varied with season (Varljen et al., 2003). Seasonal changes in
hematology and metabolic resources in the tench studied by Guijarro et al.
(2003) found significant variations in the number of white and red blood cells,
haematocrit and hemoglobin the lowest values were observed during autumn–
winter and the highest during summer, with males exhibiting higher values than
females. The proximate composition of fish is influenced by seasonal changes
(Hamre et al., 2003). Among the proximate composition, protein in fish is the
excellent source, because of the amino acid composition and degree of
digestibility (Louka et al., 2004). Chandra et al. (2004) reported that moisture
content was low when other constituents (lipid, protein and carbohydrate) were
high. Body composition or biochemical composition means the concentration
of macro and micro-nutrients in fish carcass in relation to their counterparts
(Dempson et al., 2004). The proximate composition of fish body is influenced
by water temperature (Person-Le Ruyet, 2004). Fish is one of the most
important sources of animal protein available, and has been widely accepted as
a good source of protein and other elements for the maintenance of a healthy
body (Arannilewa, 2005). It provides protein-rich food for millions all over the
world, which can be expected to help in correcting the state of malnutrition
when it is consumed in sufficient quantities. The protein content is studied in
number of teleost fish such as Oreochromis mossambicus (Pathan and Baile,
2005). Protein and fat contents varied significantly during different seasons as
ash and fat contents remained constant (Munshi et al., 2005). Biochemical
composition varies within and between species, and also with size, sexual
condition, feeding, time of the year and physical activity (Ali et al., 2005).
Proximate composition of nutrients in adult Clarias gariepinus,
Heterobranchus longifilis and their hybrid was determined by Mumba and
Jose, (2005). Investigation of nutritional status of Chrysichthys nigrodigitatus,
Barus filamentous, Auchenoglanis occidentals, Citharinus citharus and
Citharinus lates determined by Effiong, (2005) reported that the protein
Chapter – 2 Review of Literature
11
content in fish might vary with species due to certain factors such as the season
of the year, effect of spawning and migration, food available etc. Islam and
Jouadder, (2005) studied seasonal variation in proximate composition of fresh
water Gobi, Glossogobius giuris, and revealed that water content was varied
seasonally. Moisture, dry matter, protein, lipids, vitamins and minerals are the
most important components that act as sources of nutritive value of fish meat
(Steffens, 2006). Seasonal variation of fishes in relation to gonad somatic index
reported by Shankar et al. (2006), Shengde et al. (2006). Biochemical
investigations on fish help to evaluate the impact of environment. The effect of
activity levels on glycogen content in different tissues of Channa gachua and
Labeo rohita was studied by Pampatwar et al. (2006). Seasonal variation in the
chemical composition of body flesh of Koi Fish studied by Nargis, (2006)
reported that the compositions varied seasonally in relation to reproductive
cycle of the fish. The body composition of L. rohita, C. mrigala, H. molitrix
and C. catla collected from different ponds with variable water depths was
determined by Ali et al. (2006). Fish is an excellent source of high quality
protein that contains sufficient amounts of most of the essential amino acids
required for human (Mahmoud et al., 2007). Tzikas et al. (2007) reported the
seasonal variation in Mediterranean horse mackerel. Proximate composition of
different fresh water fishes specifically Magur (Clarias batrachus), Shingi
(Heteropneustes fossilis), Koi (Anabas testudineus), Foli (Notopterus
notopterus), Royna (Nandas nandas), Taki (Channa punctatus) and Tangra
(Mystus vittatus) in Bangladesh was estimated by Kamal et al. (2007). Papan
and Moghaddam, (2008) studied seasonal changes of protein, ash and moisture
of some species of Fishes in Khuzestan. Effect of seasonal variation on the
nutrient composition in selected fish species from Lake Kainji-Nigeria studied
by Effiong et al. (2008) reported higher levels of nutrients in the dry season
samples than the wet season. Mazumder et al. (2008) studied proximate
compositions of some small indigenous fish species found to be varied among
the species. Proximate composition of S. tol is determined by Patterson and
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Ranjitha, (2009). Seasonal variations of protein in the ovary of fish Channa
Gachua studied by Dabhade et al. (2009) found that protein content in
preparatory phase was non-significant, and significantly increased from pre-
spawning to spawning and declined in post-spawning. The general observations
have been that the amount of carbohydrate, proteins and lipids increase as
gonad development proceeds and then declines following spawning (Suja,
2010; Babu, 2010). The body composition and fatty acid profile of W. attu,
Oreochromis mossambicus, L. calbasu, Bagarius bagarius, L. gonius,
Clupisoma garua, Aorichthys aor and Eutropiichthys vacha from Indus river
determined by Memon et al. (2010) reported that protein contents remained
uniform, lipid contents were very low in Wallago. attu (0.85%) but very high in
Eutropiichthys vacha (18.32%). The variations in the biochemical composition
(protein, lipids, glycogen and cholesterol) of brain in female and male
freshwater fish Notopterus notopterus has been worked by Shahana et al.
(2010) the results indicate that the amount of biomolecules of brain of male
fish were higher in comparison to the amount of biomolecules of brain of
female fish. Nutritional composition of four marine fish species reported by
Boran and Karacam, (2011) found that the proximate composition of fish
species greatly varies during the catching season which might be due to
physiological reasons and changes in environmental conditions, i.e., spawning,
migration, and starvation or heavy feeding, species-specific physiological
characteristics might greatly affect the proximate composition. Nutritive
composition of some edible fin fishes studied by Ravichandra et al. (2011)
reported that biochemical composition of flesh is a good indicator for the fish
quality. The percentage of body protein increased with body weight but
percentage of body lipid and moisture decreased (Farhoudi et al., 2011).
Fluctuations in biochemical composition of muscles of fish species are
attributed to alterations in the ecology of the sampling site (Shinju et al., 2011).
Three major carps captured from Hatnoor reservoir studied by Shaikh et al.
(2011) evaluated seasonal changes in muscle biochemistry and gonado somatic
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index. The composition of the fish depends also on the season, habitat and the
type of food consumed by the fish. Small seasonal variations of protein
contents and mineral matter, with maximums recorded in winter for proteins
and in summer for mineral matter and fatty acids show small qualitative and
quantitative variations in the year reported for cost anchovy (Engraulis
encrasicolus) by Ouafa et al. (2011). Bio chemical composition in relation to
season in M. seenghala and C. morulius, W. attu studied by Zafar et al. (2011)
deduced that there is not much difference in nutritional values of fish in
different seasons of the year except C. morulius. The chemical composition
variations of the Indian mackerel (Rastrelliger kanagurta) from Karachi coast
investigated seasonally over the period of one year by Nisa et al. (2011) found
moisture, crude protein, fat and ash contents varied. Sutharshiny and
Sivashanthini, (2011) studied proximate composition of three species of
Scomberoides fish from Sri Lankan Waters. Ilkan Ali et al. (2011) studied
seasonal changes in biochemical composition and meat yield of Shabut and
reported its high meat efficiency containing protein, fatty acids and amino
acids, besides being a species rich in mineral content such as Cu, Zn, and Fe.
Lipids can be defined as substances such as a fat, oil or wax that
dissolves in alcohol but not in water. In terms of quantity, lipid is the third
major constituent in fish muscle. Variation in the fat content is much wider
than that of protein. Fat content varies between species, and also between
different organs within species. Fish with fat content as low as 0.5% and as
high as 18-20% are common. In many species there is a buildup of fat during
feeding season and its proportion decreases substantially after spawning.
Wild fish undergo seasonal changes in growth and energy storage as
energy from diet and body reserves is partitioned between maintenance,
somatic growth, and reproduction. The biochemical composition varies vastly
from one species and one individual to another, according to age, sex and the
season. These variations are closely linked to food, migration and sexual
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changes in relation to reproduction periods because the laying requires a large
amount of energy. Variation of fat content during the spawning season has
been studied for mirror-carp and three spined stickle back by Habashy, (1972).
Lipids are an important form of storing energy during the biological cycle
(Fidanza et al., 1972). Fat content during the spawning season reduces as fat is
to supply energy needed during food scarcity and reproductive phases
(Wootton, 1974). Lipid seasonal changes of Japanese horse mackerel
(Trachurus japonicus), chub mackerel (Scomber japonicus), yellow fin tuna
(Thunnus albacares), brown-backed toadfish (Lagocephalus lunaris spadiceus)
and filefish (Monacanthus cirrhifer) were studied by Ueda, 1977. Waters,
(1982) reported that seasonal variation in chemical composition is due to an
alternate accumulation and expenditure of fat and protein. Seasonal variation in
lipid content was previously reported for Sparus aurata in particular by
Shabaan, (1983) and attributed the seasonal variations in lipid content to
physiological and feeding aspects. Chen et al. (1983) reported a significant
positive linear relationship between the fat content in the muscle and the body
length of silver carp (Hypophthalmichthys molitrix) and bighead carp
(Aristichthys nobilis). Amin, (1984) observed that S. rivulatus from the Red
Sea had maximum tissue moisture in the spring and summer and maximum
lipid in late fall and early winter. The higher values of lipids during spring and
summer months, for both young and adults, probably signify higher feeding
intensity of fish during that period (Wassef and Eisawy, 1985). Flath and
Diana, (1985) reported reduction in terms of energy content is much higher
during the spawning period than during the wintering period for alewives
(Alosa pseudoharengus). Fish have seasonal variations in chemical
composition especially in fatty acids. These variations are correlated generally
with the environmental factors like temperature salinity, composition of their
food as well as activities (reproduction and migration) including age; sex and
size of fish (Standby, 1986). The same research determined that the variations
of the levels of lipids both in the liver and other organs are the results of
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irregular seasonal variations and water temperature, which affect the fish diet
(Kinsella, 1987). Fat varies with maturation of gonads and about 40% the body
fat are transferred to the ovaries and eggs in the mature reproducing capelin
(Henderson et al., 1987). Freshwater fish had lower PUFA (Vlieg and Body,
1988). Variation in fatty acid composition reported by various workers is that
there are variations in the total lipid content throughout the year and variations
in fatty acid composition might be related to the changes in nutritional habits of
the fish (Ackman,1988;). The fatty acids composition and lipids contents in
various organs of the fish, were affected by the species, sex, age, water
temperature, degree of pollution, nutritional condition seasonal variation, fish
origin (whether the species was wild or hatchery) (Christiansen et al., 1989).
Seasonal variation in lipid class and fatty acid composition of two small
copepods and Cornish mackerel studied by Norrobin et al. (1990) found the
variations in fatty acid composition might be related to the changes in
nutritional habits of the fish. Ona, (1990) noted that seasonal variation in the fat
content of fish can cause seasonal variation in the volume of the swim-bladder,
and subsequently the target strength. Fat contents vary in fish with season,
species and geographical region (Piggott, 1990). Wallace, (1991) studied
seasonal variation in fat content of Mackerel (Scomber scombrus L.). Rajasilta,
(1992) reported a positive correlation between muscle fat content and body
length in the Baltic herring (Clupea harengus). Considerable seasonal
variations in the fat content of harvested capelin have been documented by
(Vilhjálmsson, 1994). The total lipid and ash content of fish vary with the
increasing weight or length of the fish; it may also vary with the season and
varied habitats (Hassan, 1996). Lipid and fatty acid composition are influenced
by seasonal variations (Yılmaz et al., 1996). A high degree of inter-species
variability in the concentration of lipids and the various fatty acids and also a
high degree of intra-species seasonal variability of variation in fat composition,
both quantitatively and qualititatively, in 35 species of fish, shellfish, and
mollusks were studied by (Federico Soriguer, 1997). Mendez et al. (1997)
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reported seasonal changes in the chemical and lipid composition of ﬁllets of the 
Southeast Atlantic hake (Merluccius hubbsi). Seasonal variations in
biochemical composition of organs and tissues of different fish species studied
by (Kozlova, 1997) reported interspecific differentiation in the degree of lipid
utilization in muscle and liver reserves. Lipid variation in salmon (Salmo
salar), studied by Slitka et al. (1998) found substantial differences in lipids in
salmon (Salmo salar), which increased during winter. The trend of fatty acids
of fin fish from seawater is slightly different when compared to the freshwater
fish, where the concentrations of mono-unsaturated fatty acids were higher than
the saturated and poly-unsaturated fatty acids (Suriah et al., 1995). Seasonal
variation is perhaps the most important, especially for fish that have a high fat-
content. The monthly or year-round variation in the fat content of teleosts is
influenced by feeding, growth, reproduction, and over-wintering. The fat
content of some species can vary by as much as 30% in relative terms (Robards
et al., 1999; Slotte, 1999). Seasonal variation in yellowtail rockfish Sebastes
flavidus studied by Norton and MacFarlane, (1999) found lipid depletion
during autumn and winter. A number of studies have shown that there is a
significant negative linear relationship between fat content and water content in
fish, both in the laboratory and in their natural environment (Lei et al., 1999).
Fish meat contains significantly low lipids and higher water than beef or
chicken and is favored over other white or red meals (Nestel, 2000). Food
intake is significantly reduced during both the wintering and spawning periods,
and fish must rely, in part, on stored energy-reserves to survive both events
(Pedersen and Hislop, 2001). Among fatty acids palmitic acid (C16: 0) was the
major fatty acid which showed seasonal variation like the one reported by
(Bandarra et al., 2001). Aidos et al. (2002) reported seasonal changes in crude
and lipid composition of herring ﬁllets, byproducts, and respective produced 
oils. Seasonal variation in capelin was examined by measuring chemical and
lipid composition including anti- and pro-oxidants were investigated by
Margrét Bragadóttir et al. (2002) reported most uniform quality was observed
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in the winter capelin, while during spawning, fat depleted spring capelin
contained the highest content of tocopherols. Seasonal variations in lipid levels
in fishes are fundamentally related to the reproductive cycle and generally
accumulate large lipid deposits prior to gonadal development (Mourente et al.,
2002). Environmental factors are well known to affect proximate analysis
especially fat content (Iverson et al., 2002). Luzia et al. (2003) studied the
inﬂuence of season on the lipid proﬁles of ﬁve commercially important species 
of Brazilian ﬁsh. Moisture and lipid content of the tissue decrease probably
associated with spawning (Bariche et al., 2003). The seasonal variation in the
lipid composition of marine organisms is generally influenced by many factors
that may differ from year to year or season to season and may also depend on
the feeding or preying of the organisms (Osako et al., 2003). Lipid reserves are
spent, in severe situations then fish survive at the expense of muscle proteins
(Yeannes and Almandos, 2003). Fat content may also be sex specific (Zhang et
al., 2004). Fat content and the fatty acid composition are not constant they are
linked to the species cycle of life and to external factors, such as temperature,
salinity, and the fat content of their food (Gockse, 2004). Rasoarahona et al.
(2005) studied influence of seasons on the lipid content and fatty acids profiles
of three tilapia species. Fat variation of C. carpio in relation to feeding and
reproduction determined by Ayas et al. (2005) observed that in muscle tissue
fat levels were the lowest at the end of reproductive period, which increased
again when fish started feeding. Fat content is maximum at the end of winter,
beginning of spring and minimal at the end of summer (Spiros et al., 2006).
Biochemical composition of the Atlantic bonito Sarda sarda from the Aegean
Sea (eastern Mediterranean Sea) studied by (Zaboukas et al., 2006) concluded
that in S. sarda during gonadal development, there was an increase in gonadal
lipid accompanied by a decrease in somatic tissue lipid reserves. Thus,
reproductive inactive bonitos have more lipids in their edible part and a higher
nutritional value than active ones. Fat vary very little with the seasons (Turan
Lya et al., 2007). Freshwater fish feed mainly on vegetation and plant materials
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while marine fish feed on zooplanktons, which are rich in PUFA so there is a
variation in fatty acid composition (Osman et al., 2007). Seasonal variation in
lipid content in wild sea bass indicates seasonal variation with a minimum
deposition during spring and a maximum deposition during summer reported
by (Mustafa et al., 2007). Total lipids also varied with season in fishes (Saoud
et al., 2007). The chemical composition and fatty acid profile vary between fish
species, different sexes, and ages due to environment, food intake, migratory
swimming and sexual changes in connection with spawning (Turkkan et al.,
2008). Lipids are utilized during the fasting, reproduction and maturation
period (Robinson, 2008). Lipids in fish vary greatly which is related to feed
intake, migratory swimming or sexual changes in connection with spawning
(Oduor-Odote et al., 2008). Freshwater fish are mainly characterized by the
elevated levels of Omega-6 PUFA especially linoleic (18:2) and arachidonic
(22:4) acids (Ugoala et al., 2009), as well as substantial concentrations of
eicosapentaenoic and docosahexaenoic acids. Seasonal variation in the fatty
acid composition of different fish species studied by (Osibona et al., 2009)
found variations in fatty acids. A comparative analysis of fatty acids profiles in
the liver and muscle of male and female fish have been reported by various
workers and found that long lived larger species accumulate more fat (Akipnar
et al., 2009). The proximate and fatty acid composition of two fish species S.
Zaurdnyi and Schizocypris altidorsalis studied by Rahimabadi et al. (2009)
found S. Zaurdnyi showed better nutritional value. Tawfik, (2009) studied the
proximate composition and fatty acid profile in most commonly available fish
species in Saudi market. Seasonal changes in biochemical composition of the
muscle of S. sihama studied by Shamsan, (2010) revealed that moisture content
was high when lipid was low during the peak spawning, indicating a significant
inverse relationship between the two components. The seasonal variation of the
total fatty acids (TFA) level and fatty acids (FA) in white and red muscles of
Tunisian swordfish (Xiphias gladius) investigated by Mohamed Ali Ben Smida
et al. (2010) reported variation of total fatty acids (TFA) and fatty acids both
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in white and red muscles, with a peak in spring and summer. Seasonal variation
of lipid content and fatty acid composition of Sardinella aurita from the
Tunisian coast reported by Abdelmouleh et al. (2010) found red muscle have
much higher lipid content than white muscle and the entire ﬁsh body. Rezan
Omer Rasheed, (2011) reported the seasonal variation in fat percentage and
water content in fish muscle of some fishes endemic to Derbendikhan reservoir.
The monthly variation in the fat content of anchovy (Engraulis japonicus) in
the Yellow Sea, studied by Zhang Bo et al. ( 2011) evaluated the potential
effect of variation in fat content on the acoustic assessment of anchovy
abundance found fat content of anchovy varied seasonally, with two maxima
and two minima in a year. The highest fat content was measured in the pre-
spawning period in May, and the lowest fat content was measured during the
post-spawning period in October. Fish undergo seasonal changes in energy and
growth as energy from diet and body reserves is partitioned between
maintenance, somatic growth, and reproduction. The fish is a good source of
protein and fatty acids contained essential fatty acids, particularly DHA and
EPA which are good for health (Farhat Jabeen et al., 2011). The chemical
analysis of freshwater fishes is important because it provides useful
information to the nutritionists concerned with readily available sources of low-
fat but high-protein foods and to the food scientists who are interested in
developing them into high-protein foods while ensuring their finest quality,
flavor, color, odour, texture, and safety for the consumers.
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Fish under study
Schizothorax niger (Ale gad)
Schizothorax niger is a very valuable fish of Kashmir region, but is now, in
stiff competition with other exotic fishes (e.g. Cyprinus carpio). This fish is
restricted to lentic water bodies of Kashmir and differs from the other species
of genus Schizothorax in color pattern, morphometry, scale counts, gill-racker
counts, pharyngeal bone and tooth shape. Schizothorax niger feeds on detritus,
attached plants (including algal) coating of stones and rocks, and the
associated invertebrate fauna. They grow slowly, and attain maturity at the
age of 2 years. S. niger prefers clean and cold pockets of water in lakes for
egg-laying, and it also lays eggs on the roots of willow trees Schizothorax
niger is fusiform with a short blunt slightly prognathous upper jaw having
inferior mouth (upper jaw a little projecting beyond lower jaw) horse-shoe
shaped, nearly horizontal broader than long. Schizothorax niger is herbi-
omnivore in feeding habit as it feeds on macrophytes of various families such
as Bacillariophycea, P herphycea, Chlorophycea etc. However it also feeds on
Zooplanktons, while all other Schizothoracine shows breeding migrations,
moving upstream to spawn. Schizothorax niger does not show any such
migration and spawn in the shallow peripheral areas of the lake in close
vicinity of springs on sandy bottoms (Vass and Raina1979). It plays an
important role in capture fishery of the flat land lakes of the valley, especially
Dal, Manasbal, and Wular. The spawning season extents from spring to early
summer. The average fecundity of this group ranges between 10,000 and
40,000 eggs per kg body weight Due to its restricted distribution in Kashmir,
it has attracted different researchers in past. Previous studies has focused on
seasonal changes in oocyte of this fish and other aspects of its reproductive
biology (Malhotra, 1970), biological aspects and ponderal index. There is no
record of S. niger from out side the Kashmir valley, and there are no similar
species reported from elsewhere. Actually, there are very few permanent lakes
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in the sub-Himalayan region and thus very few habitats available for the lake
dwelling Schizothorax. During May and June this fish shows a considerably
low rate of feeding this spawning starvation accounts for its voracious feeding
during the post-spawning phase in June. A fall in the rate of feeding is
observed only during the spawning season of this fish and the month of June.
Schizothorax esocinus (Chirruh snowtrout)
Schizothorax esocinus occurs in mountain streams, rivers and lakes.
Inhabits sandy and gravel bottomed rivers. Schizothorax esocinus differs from
all other Kashmir valley Schizothorax in lower gill raker number and in much
longer jaws, without enlarged lips or tuberculate pads. Inhabits sandy and
gravel bottomed rivers. Herbivore, feeding on bottom detritus. Mature adults
undertake spanning migration to incoming streams where they breed amidst
gravel and sandy beds. It is an elongated, fusiform, with a long snout, only
slightly prognathous upper jaw or jaws equal.
The breeding migration starts in March / April and the spawning takes
place in April/May and even up to June (Jyoti et al., 1976).
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Schizothorax niger
Schizothorax esocinus
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Chemicals
Chemicals used in this study were of analytical grade and of highest
purity procured from standard commercial sources in India. Bovine serum
albumin (BSA) (E. Merk). Folins Ciocalteau phenol reagent, Ova albumin,
(Loba chemie). Ethanol (Bengal chemicals), Sodium carbonate, Sodium
dihydrogen orthophosphate, di-sodium hydrogen phosphate, were purchased
from (Hi- Media). Sodium potassium tartarate and copper sulphate were
obtained from (Thomas Baker India). Phenol and sulphuric cid were
purchased from (SRL India). Glucose, Phosphovanillin and Olive oil were
obtained from (E-Merk). Acrylamide, bis acrylamide, ammonium persulphate
were purchased from (Sigma). TEMED, Tris HCL, Glycine, Sucrose and
methanol were obtained from (E.Merk)
Instruments
Following instruments were required for the study: Cooling centrifuge
(Sigma USA) Electronic balance (Sartorius), Homogenizer (Remi India), pH
meter (Digital India), Oven (Elcon India), Refrigerator (Allwyn India),
Digital colorimeter (Labtronics India), Swinging bucket centrifuge (Remi
India), vortex (Spinix India) and Hot plate (Remi India). Electrophoretic
apparatus (Geni).
Sample collection
Samples of Schizothorax niger and Schizothorax esocinus were
collected from Dal lake, Hazratbal Srinagar at monthly intervals during the
period of January 2011 to February 2012. The specimens were properly
cleaned in the Toxicology lab, Department of Biochemistry, University of
Kashmir. The total length, total weight, and sex were determined. Body muscle
samples (free from skin and scales) of each species were collected and
homogenized in a homogenizer, before the analysis of biochemical
components.
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Weight of S. niger varied from 49.06-400g and length varied from 19.5 -30cm.
Weight of S. esocinus varied from 99-515g and length varied from 25-36cm
cm.
Fish muscle (10% w/v)
Homogenize in a homogenizer for 3 minutes
Filtrate the homogenate through muslin cloth
Centrifugation at 10, 000rpm for 20 minutes
Supernatant Pellet (Discarded)
(Supernatant was immediately stored in refrigerator for further use)
Flow chart-showing preparation of fish muscle homogenate for protein
estimation
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Protein estimation
Lowry’s method
This assay was introduced by O.H. Lowry and his co-workers in 1951.
It is highly sensitive and can detect protein levels as low as 5µg/ml. This is the
most widely used method for protein estimations. Under alkaline conditions
Cu²⁺ forms a complex with the peptide bonds of protein and becomes reduced
to Cu⁺. The Cu⁺ as well as the groups of tyrosine, tryptophan and cysteine
residues then reacts with the Folins reagent. The reagent reacts by first
producing an unstable product which is slowly reduced to become
molybdenum/tungsten blue and the blue colored complex shows maximum
absorption at 620nm.
1. Copper reagent
For the preparation of copper reagent, the following solutions are prepared
separately
a. 4% (w/v) sodium carbonate, b. 4% (w/v) sodium potassium tartarate, c. 2%
(w/v) copper sulphate. The solutions are mixed in the ratio of 100:1:1 at the
time of experiment.
2. Folins reagent
Folins reagent is commercially available. Before use, dilute the stock solution
in the ratio of 1:4 by distilled water.
3. Standard BSA (Bovine serum albumin) solution (50mg %)
Dissolve 50 mg of the BSA in little volume of water and make up the solution
to total volume of 100ml.
Buffer preparation
0.2M phosphate buffer
27.8g of dihydrogen ortho phosphate and 53.65g of disodium ortho phosphate
were mixed in a little volume of water and maintain the pH to 7.4 and the final
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volume was made to 1000ml. This buffer is used for the preparation of tissue
homogenate.
Protocol
Table 1: Protein estimation by Lowry’s method
B represents blank, test tubes numbered 1-7 represent standard BSA, U1 and U2
represents test solutions.
Reagents
Test tube number (Standard BSA protein) Unknown
protein
B T1 T2 T3 T4 T5 T6 T7 U1 U2
BSA
(50mg%)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Distilled
water (ml)
1 0.9 0.8 0.7 0.6 0.5 0.4 0.3
Copper
reagent (ml)
5 5 5
Mix
5
Well
5
Incubate
5
for
5
10min
5 5 5
Folins
reagent (ml)
1
Mix
1
Well
1
Incubate
1
For
1
25min
1
room
1
temp
1 1 1
Absorbance
(620nm)
― ― ― ― ― ― ― ―
Amount
(mg)
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
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Calculations
a) Protein
0.05 0.10 0.15 0.20 0.25 0.30 0.35
0.05
0.10
0.15
0.20
0.25
0.30
0.35
A
bs
or
ba
nc
e
(6
20
nm
)
Amount of protein(mg)
Standard graph between absorbance and amount of protein (mg)
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Carbohydrate estimation
Phenol-Sulphuric Acid Method
Phenol-Sulphuric acid method, also called as the Dubois method can be used to
estimate the total carbohydrate content in a sample. In hot acidic medium
glucose is dehydrated to hydroxyl methyl furfurals, which forms a green
colored complex with phenol. The intensity of the green colored complex is
proportional to the concentration of hydroxyl methyl furfurals, whose
concentration in turn depends on the concentration of carbohydrates.
Concentration of the colored complex can be measured by recording its
absorption at 480 nm.
1. 5% phenol (redistilled) i.e. 50 gm of phenol dissolved in 1 lit of water.
2. 96% sulphuric acid.
3. Standard working glucose solution (10mg %).
Protocol
Table 2: Carbohydrate estimation by Phenol sulphuric method
Reagents B
Test tube number (Standard Glucose) Test solution
T1 T2 T3 T4 T5 T6 T7 UI U2
Glucose
(20mg%)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Distilled
water (ml)
1 0.9 0.8 0.7 0.6 0.5 0.4 0.3
Phenol
reagent (ml)
1 1 1 1 1 1 1 1 1 1
Conc.
Sulphuric
acid (ml)
5
5
vortex
5
Incubate
5
for
5
40min
5
room
5
temp
5
5
5
Absorbance
(490nm) ― ― ― ― ― ― ― ―
Amount
(mg)
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
B represents blank, tubes numbered 1-7 represent standard glucose solution,
U1 and U2 represents test solutions.
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Calculations
b) Carbohydrate
0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22
0.10
0.15
0.20
0.25
0.30
0.35
0.40
A
bs
or
ba
nc
e
(4
90
nm
)
Amount of glucose (mg)
Standard graph between absorbance and amount of glucose (mg)
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Fish muscle (10% w/v)
Homogenize in a homogenizer for 3 minutes
Filtrate the homogenate through muslin cloth
Dehydrate the homogenate on hot plate
Dissolve residue in diethyl ether (10%w/v)
Centrifuge at 5000rpm for 10 min
Supernatant Pellet (discarded)
(Used for fat estimation)
Flow chart-showing preparation of fish muscle homogenate for Lipid
estimation
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Total lipid estimation
Lipids in presence of concentrated H₂So₄ and Phosphovanillin produce
a colored complex, which absorbs maximally at 540nm. The readings were
compared with the color developed with standard olive oil.
1. Concentrated sulphuric acid.
2. Phosphovanillin reagent: - Dissolve 120mg of vanillin in 20ml of double
distilled water and mix this solution with 80ml of orthophosphoric acid.
3. 500mg% olive oil in absolute alcohol.
Protocol
S. No. Steps B 1 2
1 Olive oil (standard) --- 0.1 ----
2 Test sample ---- ---- 0.1
3 Alcohol 0.1 ---- ----
4 Concentrated H2SO4 2 2 2
5 Phosphovanillin 5 5 5
Mix well and incubate for 30 min,
6 Absorbance (540nm) AB AS AT
B represents blank, 1 represents standard oil and 2 represents test sample,
Calculation
The concentration of total lipids can be calculated by using the following
formula.
(AT- AB)/ (AS- AB) × 500
AT = Absorbance of test sample
AB = Absorbance of blank
AS = Absorbance of standard
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Protein isolation
Proteins were isolated from different tissues by salting out method.
Sodium dodecyl sulphate- polyacrylamide gel electrophoresis (SDS PAGE)
SDS PAGE was performed as described by (Laemmli, 1970). Ten percent
polyacrylamide gel in a vertical slab gel apparatus was used. Protein samples
(Tris buffer 0.5M PH 6.8) were then loaded into the wells of polymerized gel.
Electrophoresis was performed at a constant voltage of 200 volts when samples
were loaded in the wells. At the completion of the electrophoresis the gel was
stained using Coomassie Brillant blue. After one hour the protein bands were
analyzed by using the gel doc system.
CHAPTER - 4
RESULTS
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Protein
The protein composition of Schizothorax niger and Schizothorax
esocinus was determined over the period of one year and the results obtained
are present in table 1 and 2. Protein content varied from 0.09 to 0.220
gram/gram tissue, highest in July and lowest in February and December in
Schizothorax niger and it varies from 0.086 to 0.3581 gram/gram tissue, which
is highest in July and lowest in January and December in Schizothorax
esocinus. Seasonal variations showed highest values of percent protein in
summer season of both the species which ranges from 19.25% (Schizothorax
niger) to 28.52% (Schizothorax esocinus) respectively, Whereas, the lowest
protein percentage was recorded in winter season of both the species (Table 3
and Fig. 3). In both species protein content decreases from April – May as in
these months spawning occurs. Onwards it increases from June – August as
fish feeds vigoursly. Then it declines up to January. Slightly it rises from
February –March. Highest protein content is seen in Schizothorax esocinus as
compared to Schizothorax niger (Fig. 1 and 2). Average value of protein
content for S. esocinus is 17.57 ± 7.56% and for S. niger is 15.18 ± 3.66%.
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Table 1: Monthly changes in protein content of Schizothorax niger
(gms/gram of tissue)
Month Species S. niger
January 0.0947 ± 0.039$#@AC
February 0.1339 ± 0.0265$#@cBC
March 0.188 ± 0.025$a@AB
April 0.1291 ± 0.002$#@BC
May 0.1083 ± 0.027$#@ABC
June 0.1604 ± 0.023$#ABC
July 0.220 ± 0.046#@ABC
August 0.1971 ± 0.028$@ABe
September 0.170 ± 0.018$#bABe
October 0.1769 ± 0.018$#bABe
November 0.1531 ± 0.015$#bABC
December 0.091 ± 0.018$#@AdC
Each value represents the mean ± SD of 3 separate experiments. $; p <
0.001, as compared with July month, #; p < 0.001 as compared with August,
@; p < 0.001 as compared with June, a; non significant as compared with
August, b; non significant as compared with June, A; p < 0.001, as compared
with April month, c; non significant as compared with April, B; p < 0.001, as
compared with January month, d; non significant as compared with January,
C; p < 0.001, as compared with March month, e; non significant as compared
with March. The data were presented as means ± S.D of three parallel
measures and evaluated by one way ANOVA followed by the Bonferroni ‘t’-
test to detect inter group differences. Differences were considered to be
statistically significant if p< 0 .05.
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Table 2: Monthly changes in protein content of Schizothorax esocinus
(gms/gram of tissue)
Month Species S. esocinus
January 0.0944 ± 0.025$#@AC
February 0.1495 ± 0.0085$#@ABC
March 0.1893 ± 0.063$#@cB
April 0.1710 ± 0.040$#@Be
May 0.100 ± 0.053$#@AdC
June 0.2060 ± 0.038$#ABC
July 0.3581 ± 0.039#@ABC
August 0.2914 ± 0.072$@ABC
September 0.1416 ± 0.017$#@ABC
October 0.1783 ± 0.021$#@cBe
November 0.1398 ± 0.011$#@ABC
December 0.0890 ± 0.014$#@AdC
Each value represents the mean ± SD of 3 separate experiments. $; p <
0.001, as compared with July month, #; p < 0.001 as compared with August,
@; p < 0.001 as compared with June, a; non significant as compared with
August, b; non significant as compared with June, A; p < 0.001, as compared
with April month, c; non significant as compared with April, B; p < 0.001, as
compared with January month, d; non significant as compared with January,
C; p < 0.001, as compared with March month, e; non significant as compared
with March. The data were presented as means ± S.D of three parallel
measures and evaluated by one way ANOVA followed by the Bonferroni t –
test to detect inter group differences. Differences were considered to be
statistically significant if p< 0 .05.
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Table 3: Seasonal variation in protein content of S. niger and S. esocinus
(gms/gram of tissue)
***: p < 0.001significant as compared the seasons with each other. Ns; non
significant as autumn was compared with spring season in S. esocinus. The
data was evaluated by one-way ANOVA followed by Bonferroni test to detect
inter seasonal differences. Differences were considered to be statistically
significant if p < 0.05.
Season S. niger Total
protein
(%age)
S. esocinus Total
protein
(%age)
Winter 0.1065 ± 0.023*** 10.65% 0.1110 ± 0.033*** 11.10%
Spring 0.1418 ± 0.041*** 14.18% 0.1534 ± 0.047*** 15.34%
Summer 0.1925 ± 0.030*** 19.25% 0.2852 ± 0.076*** 28.52%
Autumn 0.1667 ± 0.0122*** 16.67% 0.1532 ±
0.021***NS
15.32%
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Fig. 1: Monthly changes in protein content of Schizothorax niger
(gms/gram of tissue)
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Fig 2: Monthly changes in protein content of Schizothorax esocinus
(gms/gram of tissue)
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Fig. 3: Showing the total protein content of muscle tissue (%) of S. niger
and S. esocinus
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Carbohydrate
The carbohydrate content of the Schizothorax niger and Schizothorax
esocinus differed significantly among the 12 months (Fig. 4 and 5).
Carbohydrate varied between 0.13% and 0.16% with an average value of
0.1475 ± 0.012 in Schizothorax niger where as in Schizothorax esocinus it
varied between 0.1% and 0.19% with an average value of 0.1425 ± 0.36.
Monthly variation showed that carbohydrate content was high in the month of
March, June and January in Schizothorax niger and there was a decline in the
month of May (0.0009grams/gram tissue). In Schizothorax esocinus
carbohydrate content was high in the month of January, March and July and
the decline in carbohydrate content was observed in the month of September
(Table 4, 5 and 6). Over all the carbohydrate as a percentage of both the
species was the lowest in autumn season and the highest for the summer season
(Fig. 6).
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Table 4: Monthly changes in carbohydrate content of Schizothorax niger
(gms/gram of tissue)
Month Species S. niger
January 0.0019 ± 0.00031$#bcBe
February 0.0013 ± 0.00038$a@ABC
March 0.0021 ± 0.0002$#@Ad
April 0.0018 ± 0.00021$#bdC
May 0.0009 ± 0.0006$#@ABC
June 0.0018 ± 0.0003$#cdC
July 0.0016 ± 0.0003#@ABC
August 0.0011± 0.00014$@ABC
September 0.0013 ± 0.00022$a@ABC
October 0.0010 ± 0.0002$a@ABC
November 0.0015 ± 0.0008#@ABC
December 0.0012 ± 0.00012$a@ABC
Each value represents the mean ± SD of 3 separate experiments. $; p< 0
.001, as compared with July month, #; p < 0.001 as compared with August, @;
p< 0.001 as compared with June, a; non-significant as compared with August,
b; non-significant as compared with June, A; p< 0 .001, as compared with
April month, c; non-significant as compared with April, B; p< 0 .001, as
compared with January month, d; non-significant as compared with January,
C; p< 0 .001, as compared with March month, e; non-significant as compared
with March. The data were presented as means ± S.D of three parallel
measures and evaluated by one way ANOVA followed by the Bonferroni t –
test to detect inter group differences. Differences were considered to be
statistically significant if p< 0 .05.
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Table 5: Monthly changes in carbohydrate content of Schizothorax
esocinus (gms/gram of tissue)
Month Species S. esocinus
January 0.0022 ± 0.0013ns#@Ae
February 0.0019 ± 0.0002$#@ABC
March 0.0023 ± 0.0003ns#@Ad
April 0.0011 ± 0.00005$#bBC
May 0.0009 ± 0.00004$#@ABC
June 0.0011 ± 0.00034$#cBC
July 0.0022 ± 0.00018#@Ade
August 0.0009 ± 0.00027$@ABC
September 0.0005 ± 0.00021$#@ABC
October 0.0013 ± 0.0003$#@ABC
November 0.0012 ± 0.00011$#bcBC
December 0.0016 ± 0.0009$#@ABC
Each value represents the mean ± SD of 3 separate experiments. $; p <
0.001, as compared with July month, #; p < 0.001 as compared with August,
@; p < 0.001 as compared with June, ns; non significant as compared with
July, a; non significant as compared with August, b; non significant as
compared with June, A; p < 0 .001, as compared with April month, c; non
significant as compared with April, B; p < 0 .001, as compared with January
month, d; non significant as compared with January, C; p < 0 .001, as
compared with March month, e; non significant as compared with March. The
data were presented as means ± S.D of three parallel measures and evaluated
by one way ANOVA followed by the Bonferroni t – test to detect inter group
differences. Differences were considered to be statistically significant if p< 0
.05.
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Table 6: Seasonal variation in carbohydrate content of S. niger and S.
esocinus (gms/gram of tissue)
Season S. niger Total
carbohydrate
%age)
S. esocinus Total
carbohydrate
(%age)
Winter 0.0015 ± 0.0003*** 0.15% 0.0019 ± 0.0003*** 0.19%
Spring 0.0016 ± 0.0006*** 0.16% 0.0014 ± 0.0007*** 0.14%
Summer 0.0015 ± 0.0003*** 0.15% 0.0014 ± 0.0007*** 0.14%
Autumn 0.0013 ± 0.0002*** 0.13% 0.0010 ± 0.0004*** 0.10%
***: p < 0.001significant as compared the seasons with each other. Ns; non
significant as autumn was compared with spring season in S. esocinus. The
data was evaluated by one-way ANOVA followed by Bonferroni test to detect
inter seasonal differences. Differences were considered to be statistically
significant if p < 0.05.
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Fig. 4: Monthly changes in carbohydrate content of Schizothorax niger
(gms/gram of tissue)
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Fig. 5: Monthly changes in carbohydrate content of Schizothorax
esocinus (gms/gram of tissue)
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Fig. 6: Showing the total carbohydrate content of muscle tissue (%) of S.
niger and S. esocinus
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Lipid
Lipid content ranged from 0.22 g/g to 0.40 g/g in S. niger. Whereas in
S. esocinus it ranged from 0.25 g/g to 0.45 g/g in S. esocinus (Table 7, 8 and
9). Highest percentage of lipid is seen in the month of July in both species as in
S. niger (0.40 g/g) and in S. esocinus (0.45 g/g). The lipid content is low in the
month of November in both species as in S. niger (0.22 g/g) and in S. esocinus
(0.25 g/g). Lipid content increases from June to August (fig. 7 and 8). Lipid
content is highest in summer season in both species. S. esocinus has highest
lipid content than S. niger. Average value of lipid for S. esocinus is 3.45 ±
0.479% and for S. niger is 3.05 0.443% (Fig. 9).
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Table 7: Monthly variation in total lipid content of S. niger (gm/gram of
tissue)
Month Species S. niger
January 0.31 ± 0.021$abAde
February 0.28 ± 0.020$#@Ade
March 0.30 ± 0.012$#bd
April 0.37 ± 0.033$abC
May 0.29 ± 0.014$#@Ade
June 0.34 ± 0.025$aBde
July 0.40 ± 0.027#@ABC
August 0.36 ± 0.034$bcBC
September 0.31 ± 0.033$#@Ade
October 0.25 ± 0.0l0$#@Ade
November 0.22 ± 0.022$#@Ade
December 0.26 ± 0.020$#@Ade
Each value represents the mean ± SD of 3 separate experiments. $; p< 0
.001, as compared with July month, #; p < 0.001 as compared with August, @;
p< 0.001 as compared with June, a; non-significant as compared with August,
b; non-significant as compared with June, A; p< 0 .001, as compared with
April month, c; non-significant as compared with April, B; p< 0 .001, as
compared with January month, d; non-significant as compared with January,
C; p< 0 .001, as compared with March month, e; non-significant as compared
with March. The data were presented as means ± S.D of three parallel
measures and evaluated by one way ANOVA followed by the Bonferroni t –
test to detect inter group differences. Differences were considered to be
statistically significant if p< 0 .05.
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Table 8: Monthly variation in total lipid content of S. esocinus (gm/gram
of tissue)
Month Species S. esocinus
January 0.36 ± 0.01$#bcC
February 0.31 ± 0.03$#@ABe
March 0.35 ± 0.05$#@cdC
April 0.38 ± 0.023$abBC
May 0.33 ± 0.012$#@ABe
June 0.39 ± 0.013$aABC
July 0.45 ± 0.034#@ABC
August 0.40 ± 0.023$@ABC
September 0.35 ± 0.056$#bcdC
October 0.30 ± 0.035$#@ABC
November 0.25 ±0.053$#@ABC
December 0.30 ± 0.026$#@ABC
Each value represents the mean ± SD of 3 separate experiments. $; p < 0
.001, as compared with July month, #; p < 0.001 as compared with August, @;
p < 0.001 as compared with June, a; non significant as compared with August,
b; non significant as compared with June, A; p < 0 .001, as compared with
April month, c; non significant as compared with April, B; p < 0 .001, as
compared with January month, d; non significant as compared with January,
C; p < 0 .001, as compared with March month, e; non significant as compared
with March. The data were presented as means ± S.D of three parallel
measures and evaluated by one way ANOVA followed by the Bonferroni t –
test to detect inter group differences. Differences were considered to be
statistically significant if p< 0 .05.
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Table 9: Seasonal variation in total lipid content of S. niger and S.
esocinus (gms/gram of tissue)
***: p < 0.001significant as compared the seasons with each other. Ns; non
significant as autumn was compared with winter season in S. esocinus. The
data was evaluated by one-way ANOVA followed by Bonferroni test to detect
inter seasonal differences. Differences were considered to be statistically
significant if p < 0.05.
Season S. niger Total lipid
(%age)
S. esocinus Total lipid
(%age)
Winter 0.2833 ± 0.025*** 2.833% 0.3233 ± 0.032*** 3.233%
Spring 0.3200 ± 0.043*** 3.200% 0.3533 ± 0.025*** 3.533%
Summer 0.3666 ± 0.030*** 3.6667% 0.4133 ± 0.032*** 4.13%
Autumn 0.2600 ±
0.045***NS
2.600% 0.3000 ± 0.050***
NS
3.000%
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Fig. 7: Monthly changes in total lipid content of Schizothorax niger
(gms/gram of tissue)
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Fig. 8: Monthly changes in total lipid content of Schizothorax esocinus
(gms/gram of tissue)
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Fig. 9: Showing the total lipid content of muscle tissue (%) of S. niger and
S. esocinus
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Fig. 10: Pie chart shows the total percentage of protein, carbohydrate and
lipid content of muscle tissue of Schizothorax niger.
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Fig. 11: Pie chart shows the total percentage of protein, carbohydrate
and lipid content of muscle tissue of Schizothorax esocinus.
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Fig. 12: Shows the correlation between the protein, carbohydrate and lipid
content of the Schizothorax niger and Schizothorax esocinus
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Total protein profile
1) Total protein profile of the fish was carried out by using the SDS PAGE.
We observe different concentrations of total proteins in different organs of
the fish. High protein profile was seen in the muscle tissue followed by
gonads and then in the liver tissue. (Fig. 13). Highest protein content was
observed in muscle tissue as indicated by the intensity of the band (lane 6).
Fig. 13: Total Protein profile of Schizothorax niger by using SDS PAGE
Lane 1 and 2 marker proteins; BSA, Hb, Pepsin and Ova albumin
Lane 3 and 4 Protein profile of intestine tissue
Lane 5 Protein profile of gonadal tissue
Lane 6 Protein profile of muscle tissue
Lane 8 and 9 Protein profile of liver tissue
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1 2 3 4 5 6 7
2) Total protein profile of the fish was carried out by using the SDS PAGE.
We observe different concentrations of total proteins in different organs
of the fish. High protein profile was seen in muscle tissue followed by
liver and then to gonadal tissue. (Fig. 14). Most of the proteins in muscle
tissue range to the molecular weight of pepsin and ova albumin as
depicted in the figure the bands in these lanes (4 and 5) shows high
intensity related to the bands of pepsin and ova albumin marker proteins.
Less protein profile was observed in the intestinal tissue (lane 7).
Fig. 14: Total Protein profile of Schizothorax esocinus by using SDS PAGE
Lane 1 and 2 marker proteins; BSA, Hb, Pepsin and Ova albumin
Lane 3 protein profile of gonadal tissue
Lane 4 and 5 protein profile of muscle tissue
Lane 6 protein profile of liver tissue
Lane 7 protein profile of intestine tissue
CHAPTER - 5
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ish is a valuable element of diet of the local people throughout the year,
and there is also a demand for fish from the defense personnel and from
tourists, especially during the tourist season. By harvesting the potential of
fisheries in the state appropriately, considerable impact will be made in terms
of fish production, revenue generation and employment creation as well as
improving the nutrition level of the common man.
Biochemical studies of fish tissue are of considerable interest for their
specificity in relation to the food values of the fish and for the evaluation of
their physiological needs at different periods of life. It is also necessary to have
the data on the composition of fish in order to make the best use of it as food
and also to develop the technology of processing fish and fish products. It has
long been recognized that marked changes occur in many species of fish during
the normal sexual cycle, but in comparison with mere observation, actual
chemical studies have not been plentiful. Earlier investigations show that there
are substantial differences in the chemical composition of different species of
fishes, and among individuals of the same species, with their age, sex, habitat \
and fishing season. The chemical composition of fish can be expected to
vary largely from one species to another and within the same species. The
significance of the seasonal variation in biochemical constituents is complex
and it is almost impossible to distinguish between the effects of many factors,
which influence the biochemistry of the fish. The biochemical constituents are
also influenced by metabolism mobility of the fish and geographical area
(Stansby, 1962). According to Salam, (1995) variation in proximate
F
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composition of fish flesh may vary with species variation, season, age and the
feeding habit of fish. The chemical composition of flesh may vary largely
between and within species (Jacquot, 1961). The fluctuations in biochemical
composition of muscles of fish species may also be attributed to alterations in
the ecology of the sampling site. Variations in biochemical parameters in fishes
are not only species specific and season specific but are also linked to their
habitat and nutritive values (Chamundeshwari and Vijayaragahwan, 2001).
Waters, (1982) reported that seasonal variation in chemical composition is due
to an alternate accumulation and expenditure of fat and protein. The
compositions varied seasonally in relation to reproductive cycle of the fish
(Nargis, 2006). Depending on use or interconversions, fish thus use lipids and
proteins as storage products in different ratios to those originally ingested.
According to Moon, (1983) fish can readily mobilize protein as source of
energy and thus they are a preferential fuel for general maintenance as well as
for periods of high activity.
Proteins
Proteins are the fundamental building blocks for tissue biosynthesis and
enzyme production in all animals. The nutritive value of a protein depends
primarily on its capacity to satisfy the needs for nitrogen and essential amino
acids. Fish offers high-quality protein. Fish and shell-fish contain about 19 per
cent protein that is similar in amino acid composition to that found in muscle
meats. The content varies from one to 30 per cent depending upon the species
and the season of the year. Protein content of fish varies not only in relation to
species, but in relation to individuals of a same species (Mackie et al., 1971).
Seasonal variation of protein is to understand the nutritive values in
terms of total composition and the fluctuation of the same in different season.
Abdullahi, (2001) reported that the protein content in fish might vary with
species due to certain factors such as the season of the year, effect of spawning
and migration, food available etc. The variation of the protein fraction may be
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due to the planktonic feed and to climatic changes in the year which influence
the general biochemical composition of the fish. The protein content of ﬁsh 
changes very little with season (Tzikas et al., 2007). Protein is not an efficient
energy source for fish. It will be used for energy if the available energy from
other sources (lipid and carbohydrates) is insufficient (Phillips, 1969). Rattan,
(1994) suggested that protein and visceral lipid resources may be utilize in the
pre-spawning period and the muscle reserve in the post - spawning period in
Etroplus suratensis. Variation of protein is influenced by feeding and breeding
capabilities. The protein cycle appears to be having a strong correlation with
feeding and spawning as reported in a number of fish species. According to
Lee, (1986) the protein maxima and minima correspond to the
development/spawning and biological regression/resting phases, respectively.
During both the wintering and spawning periods, food intake is significantly
reduced and fish must rely, in part, on stored energy-reserves to survive both
events (Pedersen and Hislop, 2001).
The seasonal variation in protein content of Schizothorax niger and
Schizothorax esocinus was assessed from Jan 2011- Feb 2012. Highest protein
content is seen in summer season and lowest in winter season in both species
(Table 3), which is in good agreement with previously reported results by
Chandra Shekhar et al. (2004). Our results are in good agreement with the
work of Ahmed et al., 1984. In winter season food availability is less and fish
consume less feed which resulted in poor growth. Also the activity of fish
depends greatly on temperature and their distribution is limited by their
thermal tolerance (Elliott, 1991). Generally, two strategies are observed in
response to cold temperatures. One consists of letting the metabolic rate
decrease and entering dormancy below a threshold temperature. The other is
compensating for the decrease in capacity produced by a fall in temperature.
Compensation presumably requires an energetic investment for the individual
to maintain its metabolic capacity and remain active at low temperatures. As
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winter season is the resting stage of gonad of fish during that period amino acid
related to depletion and select materials for building up of the gonads (Love
1974). Lau et al. (2004) showed that theoretically, a low temperature might
reduce the metabolic activities in general. Slight increase in food intake
(February- March), after winter may be a contrivance for building energy
reserve to be used in impending gonadal maturation.
During spring season (Table 3) protein content is slightly raised as
temperature and food availability changes. In spring season there is Pre-
spawning and Spawning. As these stages are from month of March to first
week of May in this period protein content increase as Van Bohemen and
Lambert (1980) reported that the highest protein content in pre-spawning stage
might be due to its ready supply suggested it by the liver. Protein content can
be correlated with the phases of maturity and spawning, with high values when
the gonads are ripe which decline during post-spawning period (Das, 1978).
Further this increased protein content may be a mechanism of maturation of
gonad and storage of reserves to meet and spawning requirements. Our results
are in tune with Bhuyan et al. (2003) who reported maximum protein content
in the ripe and gravid fish and the minimum in spent and early maturation
phases. Low quantitative feeding observed presently in Schizothorax during
April-May (Fig. 3) could be due to spawning activity (Sunder, 1985).
Incidentally, the fish during spawning months has been found to be active and
agile and this results in the utilization of some of the muscle reserves of
energy. During spawning muscle protein started declining gradually. This
decline of muscle protein can be attributed to its transfer in to ovaries to meet
energy requirement of fish during spawning. After spawning a period extends
from mid of May to mid of June in which protein content again decline (Fig. 1
& Fig. 2). Medford and Mackay, (1978) showed that muscle protein and lipid
of northern pike, Esox lucius were high before spawning and low after
spawning. This could be attributed to the fact that these constituent might have
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been utilized for spawning and gonadal development. Same is true for our
result. Changes in the protein content during spawning season may occur due
to changes in the endocrine system that monitors supply of nutrients to gonads
from all parts of body including liver and muscles (Jyotsna et al. 1995). During
maturing and at, the mature stage most of the proteins might have been
accumulated in the gonads and at the time of spawning the gonadal elements
get released either as eggs or milt carrying the protein along with them and
protein declines. During the post-spawning month and especially with the
commencement of the recovery period normal life is resumed and this is
marked with an increase in protein content. In summer season protein content
is maximum (Fig. 3) in both species as temperature is changed different
varieties of food is available to fish and fish takes more food in comparison to
other seasons resulting in higher protein percentage. Similar types of studies
and results were carried out by Geri et al, (1995). Intense feeding shown by the
fish is because fish during spawning had lost gonadal elements and recoups to
compensate the expenditure through vigorous feeding activity. Stansby, (1954)
made similar observation in the trout. The highest value of muscle protein
observed in summer as fish had spawn so gonads are in the recovery stage and
without any gonadal elements; the food that is consumed by the fish is used in
the building up of the muscle. These observations confirm the earlier findings
of Greene (1921) and Bruce (1924). Same is reported by Zafar et al. (2011).
During autumn season (Fig. 3) the protein content declines as protein for germ
building is mobilized from muscle also reported by Sivakami et al. (1986). In
this period gonadal development starts so the food that fish eats utilizes for
making gonads. In this stage fish feeds less as again temperature and food
availability changes. Quantitative feeding is low during winter and spring and
high in summer. Reduced metabolism, low autogenetic production of food and
fall in allogenic inflow may account for low winter quantitative feeding in
Schizothorax. On the contrary, in summer, increased metabolism and rise in
autogenetic production of fish food organism and overflow of water from
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connected rice fields may be the contributing factors for rise in feeding
intensity during June-August. The first post-spawing feeding activity (June-
August) may also result in storage of energy for a poor trophic winter. Earlier
publications emphasize that deprivation of fish of adequate amounts of food
causes decrease in protein level (Love, 1980; Mustafa, 1983). Fish had to
utilize energy also for maintenance of body temperature and for body
metabolism.
Our results show that S. esocinus has maximum protein (Fig. 3) in all
seasons. Highest percentage is seen in summer season which might be
associated with spawning migration so during its migration it encounters the
wide varieties of food rich in protein. While as S. niger does not show such
phenomenon and have a narrow range of food availability which might be the
cause of low protein.
The protein profile from various organs of Schizothorax niger and
Schizothorax esocinus fish is shown in figure 13 and 14. Each of the lanes was
loaded with similar amounts (50 μg) of protein extracts. The results showed
that fishes have different protein profiles. Furthermore, the relative intensity of
protein bands of Schizothorax esocinus analyzed were more intense than
Schizothorax niger which proves the high concentration of protein content in
Schizothorax esocinus than Schizothorax niger. Upon Coomassie Blue
staining, protein bands, which were evenly distributed in the range of
molecular masses from 20 kDa to 30 kDa were detected.
Thus, the non-variable features (protein profiles and bands intensity)
shown by fish is beneficial for monitoring of the protein composition of
cultured fish.
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Carbohydrates
The carbohydrate content in fish muscle is very low, usually below
0.5%. This is typical for striated muscle, where carbohydrate occurs in
glycogen and as part of the chemical constituents of nucleotides.
Carbohydrates formed a minor percentage of the total composition of the
muscle and do not show so much seasonal variation. Carbohydrates are not
stored in large quantities by fish as energy-rich compounds unlike mammals.
This ingestion of relatively high concentration of carbohydrates will often lead
to their catabolism shortly after absorption or conversion to other organic
compounds for storage. The seasonal variation in carbohydrate content of
Schizothorax niger and Schizothorax esocinus was highest in spring season for
Schizothorax niger whereas in winter and summer season it was comparatively
low and remained almost same, but in Schizothorax esocinus it was highest in
winter season and in spring and summer it remained more or less same and
lowest in autumn season in both species (Fig. 6). Immediate source of energy
is carbohydrate as Phillips et al, (1966) reported that carbohydrates are utilized
for energy in trout, thus sparing protein for building of the body. As in autumn
season fish utilizes energy for gonad development (Table 6). The low values of
carbohydrates could be because glycogen does not contribute much to the
reserves in the body (Jayasree et al., 1994). Ramaiyan et al, (1976) reported
similar findings in 11 species of Clupeids. Vijayakumaran (1979) stated that
carbohydrate plays a minor part in energy reserves of Ambassis
gymnoccephalus and depletion due to spawning is negligible. In winter season
which is resting period energy is reserved so carbohydrate content is more as
compared to autumn season. The depletion and mobilization of energy reserves
from storage site to the activity site at the time of maturation and spawning is a
proven fact. Dawson and Grimm (1980) and Chellappa et al. (1989)
established that energy reserves in male three-spined stickle back drops during
growth and gonadal maturation. They also observed a drastic depletion of lipid,
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glycogen and protein during breeding activity and during the final development
of secondary sexual characteristics. Present study also gives clear evidence of
mobilization of fat and protein from the muscle to liver and gonad at the time
of spawning.
Lipid
Lipids are used during the fasting, reproduction and maturation periods
(Robinson et al., 2008). Lipids contents are affected by the species, sex, age,
water temperature, degree of pollution, nutritional condition seasonal variation,
fish origin (whether the species was wild or hatchery) (Christiansen et al.,
1989). The amount of total lipid obtained from various species and subspecies
of fresh water fish was investigated, and it was observed that the values were
between 0.6-30% (Farkas et al., 1978). Recent studies have shown that lipid
was influenced by seasonal variations (Konar et al., 1999). It was reported that
active fish stored their lipids in muscle tissues; but the fish inactive living at
the bottom of water store their lipids in liver (Castell et al., 1972). Storage
lipids vary during reproduction and nutrition periods. It was observed that,
especially in the reproduction period, the lipids mobilized from the livers and
muscles to the gonads for development of gonads (Castell et al., 1972). Fish
have a minimum fat content after spawning and a maximum at the end of the
feeding season. When fish were in poor condition during migration and
spawning, the fat and protein content of their flesh went down and the water
content went up; during the feeding period after spawning, the flesh became
fatter and its water content decreased. Seasonal differences in the availability
of food and changes in the reproduction cycle have considerable effect on the
tissue biochemistry of the fish, particularly fat (Bumb, 1992). Fishes like other
animals, store fat in their muscle for the supply of energy during starvation and
reproductive phases. The greatest concentrations of fat may be found at the end
of prolific feeding in summer and the least in winter (Love, 1980). Intensive
feeding in Ambassis commersoni coincides with the occurrence of high fat
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content in the muscle of fish (Bumb, 1992). The seasonal variation in lipid
content of Schizothorax niger and Schizothorax esocinus was assessed from
Jan 2011- Feb 2012. Highest lipid content was seen in summer season and
lowest in autumn season in both species (Table 9). It has been observed that
the lipids both in muscle and liver varied seasonally throughout the year.
During autumn season lowest lipid (Fig. 9) content was reported in both
species as this period was the period of gonadal development and fish supply
the required energy from the stored lipids during this period. Same is reported
by other workers (Stansby et al., 1990; Aggelousis and Lazos, 1991). The
decrease of the lipid content in autumn could be mainly due to expenditure of
triglycerides stored in the fish tissues during the maturation of the reproductive
tissues (gonads). Furthermore, the mobilization of the muscles and the liver
lipids brings about a dramatic fluctuation of the lipid content in these tissues
during the gonad development. In winter season there is scarcity of food and
fish must rely, in part, on stored energy reserves to survive both events i.e. to
combat to harsh climates as reported by Pedersen and Hislop (2001). The
lower values of lipids or protein contents of adults in winter months,
particularly December, January coincided with the peak of spawning (Wassef,
1985). During spawning there is more consumption of such materials for
gonadal development. Low lipid values reflect a decrease in feeding probably
which may be associated with low water temperatures resulting a change in the
species of algae and other organisms available as food. While as in spring,
during pre-spawning and spawning, fish needs and thus consumes a large
amount of energy as it had to go under reproduction so there is a decrease of
lipid contents both in muscle tissues and liver (Agren et al., 1987; Akpınar,
1987). Reduction of the fat content during the spawning season has been
recorded for mirror-carp and three spined stickle back (Habashy, 1972;
Wootton, 1974). In summer season amount of total lipid in fish reached to
maximum level at the end of spawning and during nutrition season. According
to Jain and Singh, (I987) the maximum values of fat content during summer
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season in 'both the sexes of Labeo gonius may be presumed due to the
favorable climatic condition and the availability of more amount of food
consumed by the fish and the minimum values during monsoon may be
correlated with the utilization of it in the formation of gonads in both the sexes
which was stored in the muscle prior to the spawning. Another reason may also
be suggested: during that period, developing gonads occupy more space in the
coelom thus compacting the alimentary canal and restricting the consumption
of food. Similarly Slitka et al. (1998) found substantial differences in lipids in
salmon (Salmo salar). Ayas et al. (2005) identified in C. carpio that the muscle
tissue fat levels were the lowest at the end of reproductive period, which
increased again when fish started feeding. Shabaan (1983) has noted that
triglycerides content of Sparus auratus muscle lipids was higher for adults than
for young or immature fish. She attributed the seasonal variations in lipid
content to physiological and feeding aspects. On the other hand, the higher
values of lipids during spring and summer months, for both young and adults,
probably signifies higher feeding intensity of fish during this period (Wassef
and Eisawy 1985). Highest values of lipid were obtained in summer (July to
September) and lowest values in winter (October to December) which
coincided with the spawning season (Elhama Waseef et al., 1991). Feeding
provides the energy for fish to grow. A large amount of the energy that is
stored for wintering and spawning is accumulated during periods of intensive
feeding (Robards et al., 1999; Henderson et al., 2000). When fish find enough
food they can control their reproduction and the period of storing lipid. The
cycles of storing lipid are directly connected with food abundance. If there is
scarcity of food in their environment the variation is low, but if it is abundant,
the variation is higher during the year (Mute et al., 1989). Much more energy
is needed during the development of gonads; so plenty of food must be
available in that period (Wang et al., 1990). The decrease in the amount of
total lipid and fatty acid in liver and muscle of fish during the periods of gonad
development and reproduction shows that fish supply the required energy from
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the stored lipids during this period (Aggelousis and Lazos, 1991; Stansby et
al., 1990). The activity of fish depends greatly on temperature and their
distribution is limited by their thermal tolerance (Elliott, 1991). Generally, two
strategies are observed in response to cold temperatures. One consists of letting
the metabolic rate decrease and entering dormancy below a threshold
temperature. The other is compensating for the decrease in capacity produced
by a fall in temperature. Compensation presumably requires an energetic
investment for the individual to maintain its metabolic capacity and remain
active at low temperatures which it gets from lipid. Numerous studies have
shed light on the means by which thermal acclimation modifies the metabolic
capacities of fish muscle (Guderley 1990; Sanger 1993).
The variation in biochemical content in both species could be probably
due to the difference of food and feed materials available to fish in its habitat.
Results of the present study suggest that Schizothorax esocinus (Fig. 11) in the
Dal lake is healthier than Schizothorax niger (Fig; 10). Both fish have the same
price in the market, however, Schizothorax esocinus yields more flesh per unit
body weight, the present study clearly identify Schizothorax esocinus as the
better species to purchase. The study of the proximate composition of S. niger
and Schizothorax esocinus revealed that these are rich in protein and average in
lipid content (Fig. 12). Variation in biochemical composition in present study
seems to be governed by spawning cycle and feeding activity.
CHAPTER - 6
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iochemical studies of fish tissue are of considerable interest for their
specificity in relation to the food values of the fish and for the evaluation
of their physiological needs at different periods of life. It is also necessary to
have the data on the composition of fish in order to make the best use of it as
food and also to develop the technology of processing fish and fish products.
The chemical analysis of freshwater fishes is important because it provides
useful information to the nutritionists concerned with readily available sources
of low-fat but high-protein foods and to the food scientists who are interested
in developing them into high-protein foods while ensuring their finest quality,
flavor, color, odor, texture, and safety for the consumers. This study provides
valuable information on variations in proximate composition of fish species
studied in order to take necessary precautions in processing from a
manufacturer point of view and to distinguish their nutritional value and make
a choice based on that information from a consumer point of view. Protein, fat
and water content of fish is important to consumers, scientists and
manufacturers from many aspects including nutritional value, seasonal
variations and considerations regarding processing (Murray and Burt, 2001).
The processor, the nutritionist, the cook and the consumer all have a direct
interest in the composition of fish. The processor needs to know the nature of
the raw material before he can apply correctly the techniques of chilling,
freezing, smoking or canning. The nutritionist wants to know what contribution
fish can make to the diet and to health and the cook must know for example
whether a fish is normally lean or fatty in order to prepare it for the table. The
B
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consumer is interested not only in whether a particular fish tastes good, which
is a matter of opinion, but also in whether it is nutritious. The nutrition experts
and people who are interested in caloric content of the food for weight control
also require information on biochemical composition of the diet.
Fish is one of the most valuable sources of high grade protein available
to man in this hungry world, and knowledge of its composition is essential if
the fullest use is to be made of it. A better knowledge of the proximate
composition, of fish as influenced by seasonal factors can help the consumer
choose a given fish at the moment of its proximate composition. In general, the
biochemical composition of the whole body indicates the fish quality.
Therefore, proximate biochemical composition of a species helps to assess its
nutritional and edible value in terms of energy units compared to other species.
Observed variations could be attributed to changes in activities in the fish
species when related to variation in seasons. These activities include spawning,
migration and feeding. The findings of other authors in relation to this study
followed the same trend. In conclusion, this study describes the great degree of
variation in proximate composition, both quantitatively and qualitatively, in
two species of fish. It provides information which may prove important for
other researchers for nutritional calculations in clinical and epidemiological
studies. Knowledge of biochemical composition of muscles of Schizothorax
niger and Schizothorax esocinus is of great help in evaluating not only its
nutritive value but also helps in quality assessment and optimum utilization of
these natural recourses. This in turn can help in processing the fish into
products and other byproducts without wastage or loss of constituents such as
free amino acids, proteins and fats.
With this we come to know that S. esocinus has more protein,
carbohydrate and lipid content than S. niger. This study is also useful for
everyone that the better season for consuming fish is summer season. By this
study we can also adopt the strategies for conserving these native and
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endangered species. A control on activities of fisherman during the spring
season as during this period fish has to spawn. If the fish have to culture then
providing it adequate amount of nutritious diet during autumn and winter
season so that fish grows healthy and to maximum.
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